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1) Inheritance of hardseededness in soybean. 
Soybean is often characterized by hardseededness or seed impermeability, 
when the seeds do not imbibe water and they germinate very slowly . Germina-
tion period of such seeds is very prolonged for a month or more. Hardseed-
edness is caused by reduced water permeability of seed coat. We meet this 
character in many plant species, but more often in Leguminosae, Rosaceae, 
Lilium (Chorniy, 1980). 
The number of impermeable seeds depends upon the maturation period and 
storage conditions. Dry air favors the hard seeds part increasing (Niko-
laeva, 1982). At the same time, this character is controlled genetically; 
that is confirmed by essential differences between soybean species and vari-
eties in controlled conditions (Woodworth, 1933; Kilen and Hartwig, 1978; 
Shahi and Pandey, 1982). 
Hard seeds keep the germination for a long time. Seed coat impermea-
bility of cultivated soybean varieties improves harvest efficiency due to 
nonbreakage during threshing. It may also improve seed quality by minimiz-
ing detrimental effects of adverse environmental conditions both in field 
and during storage. On the other hand, soybean hardseededness should be 
taken into account in estimating number of sown seeds to provide the neces-
sary plant density . Hardseededness should also be taken into account in 
plant breeding . Plants have selected against this characteristic, because 
soybean hardseededness is considered an undesirable trait. There are quite 
limited and contradictory data in the special literature on the problem of 
inheritance of soybean hardseededness. 
While analyzing Fz segregation between the cultivars 'Hardee' (soft 
seeds) and PI 326578 (hard seeds), Srinives and Hadley (1980) revealed that 
parental differences were dependent on three main genes with complete domi-
nation of seed coat permeability in each locus . 
Shahi and Pandey (1982) studied inheritance of seed coat permeability 
in two interspecific crosses ('UPSM-534' x G. formosana and Hardee x G. formo-
sana). They came to the conclusion that the character was controlled by a 
single gene with impermeability domination. In intervarietal crosses, the 
authors revealed that permeability is dominant over impermeability . 
Thus, different authors received various data on genetical determina-
tion of hardseededness, both in genes number and in allelic interaction na-
t ure . In plant breeding practice, attention is given to crossing of wild 
G. ussuriensis soybean lines with large number of hard seeds . So, the aim 
of the present work was to study the inheritance of seed impermeability in 
soybean hybrids . 
~Copyright by the authors. 
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Varieties ' Chaika ' (USSR), ' Beachwood ' and ' Merit ' (Canada) , ' Evans ' 
(USA) and wild G. ussuriensis soybean were used as parental forms . 
Percentage of impermeable seeds of parental forms and F1 and F2 hybrids 
was calculated. 
Forty to 60 seeds of each plant were soaked in petri dishes on paper 
towel for 18 days , and then the number of unimbibed seeds was determined. 
The formula of Serebrovsky in Rokitsky modification was applied to de-
termine the number of genes controlling hardseededness (Rokitsky, 1974). 
where 
D 
n = 
= diffe.rence between average values of the parental forms; 
difference between F1 average characteristic and recessive type 
charact eristic; 
o 2 = variances of parental cultivars and F2. 
The distribu tion of plant frequencies according to percentage of imper-
meab l e seeds is presented in Table 1. 
Plants of the parental varieties Beachwood, Evans, and Chaika did not 
have hard seeds. The variety Merit had two plants with 25% and 5% of hard 
seeds, while the seeds of the other 20 studied plants were normal . Unlike 
cultivated varieties, hard seeds of wild ussuriens is soybean averaged 80% 
with variation of ind~vidual plants from 53% to 95% . 
Hard seeds percentage of F1 hybrid crosses Beachwood x wild ussuriensis 
soybean and Evans x wild ussuriensis soybean were 30% and 21%, respectively . 
Hence, the percentage of impermeable seeds of F1 plants was intermediate be-
tween the parental varieties , somewhat similar to cultivated type . 
Among 279 plants tested in the F2 hybrids of cultivated soybean x wild 
ussuriensis soybean , 74 were similar to cultivated parental type, 74 were 
classified as wild t ype, and 131 plants were intermediate and each individual 
plant had from 1 to 50% impermeable seeds. 
Using the formula presented above, it was ascertained that the number of 
genes controlling hardseededness was 1.34 for Beachwood x ussuriensis cross 
and 1.05 for Evans x wild ussuriensis cross. 
Both calculated values for cross combinations and the whole experimental 
data made it possible for us to suppose that the character of seed permeabil-
ity in studied varieties is determined by one single pair of alleles (one 
gene) with partial dominance of seed permeability over hardseededness . The 
results gave a good fit to expected ratios for a single recessive gene con-
trolling hardseededness in soybean . The estimated degree of dominance of per-
meable seed coat over hards eededness was unequal in different cros ses . 
Table 1. Hardseededness of soybean hybrids and their parental varieties 
% hard seeds/plant Average 
Cross combination Number of number of 
and parental 0 studied hard seeds 02 
0 0 0 0 0 0 0 0 0 0 varieties 0 ...... N Ct') ..;r IJ) '° ,..... 00 0\ ...... plants per plant I I I I I I I I I I ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... N Ct') -'1" IJ) '° ,..... 00 0\ 
Beachwood 10 10 0.0 o.o 
ussuriensis 1 1 2 3 1 8 80.6 ±4.4 12 . 4 
Fl Beachwood x 30.0 
ussuriensis 
F2 Beachwood x 13 10 7 6 6 4 11 2 7 3 1 70 34.2 ±3 . 4 28.7 
ussuriensis -- - -------------------------------------- -------- -----
Merit 20 2 22 0.34±0.24 1. 14 
ussuriensis 1 1 2 4 8 74.9 ±4.6 13 . 0 
N 
18 8 11 6 6 5 7 4 3 1 2 71 27.9 ±3.2 
\0 
F2 Mer it ~ 26.9 °' ussuriensis -- - -------------------------------- ------- --- -- -------
Evans 20 20 0.0 o.o 
ussuriensis 1 1 5 1 8 84.8 ±3.8 10.8 
Fl Evans x 21.0 
ussuriensis 
F2 Evans x 18 17 9 7 4 1 3 1 3 4 1 68 21. 6 ±3.4 28 . 0 
ussuriensis ------------------------------------------------------
Chaika 10 10 o.o o.o 
ussuriensis 1 2 4 1 8 81.2 ±3 . 0 8.6 
F2 Chaika x 22 6 8 6 3 4 4 4 4 7 2 70 31. 6 ±3 . 9 32 . 8 
ussuriensis 
I: F 2 71 41 35 25 19 14 25 11 17 15 6 279 
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Table 2. The results of plant segregation analysis of seed-coat permeability 
Cross x2 Probability 
Beachwood x ussuriensis 3.62 0.25 > p >0.10 
Merit x ussuriensis 0.83 0.75 > p >0.50 
Evans x ussuriensis 2.00 0. 50 > p >0 . 25 
Chaika x ussuriensis 3 .68 0.25 >p>0 . 10 
Thus, in crosses with varieties Beachwood and Evans as maternal parents, 
the degrees of domination were 25% and 50.6% , respectively . 
In all studied segregating hybrid crosses , hardseededness was found as 
a rule among black-coated seeds . 
Our data are confirmed by Woodworth (1933) and Shahi and Pandey (1982), 
who studied another experimental material . 
The data testify that the genes responsible for hardseededness are 
linked with black seed coat genes. 
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2) Reaction to low temperature of the Fl crosses and their parental forms.e 
Cold-resistant varieties ' Comet ' and ' Amurskaya 41' were used as paren-
tal forms. They had been crossed with sensitive- to- low- temperature variety 
' Gieso '. Germination analysis of parental components was carried out on 
plants taken at random, and germination of 50 seeds was established. Under 
low temperature, germination had unimodal character with different levels of 
modal class . Sensitive variety Gieso was characterized by maximum frequency 
of this character within the germination range from 45 to 55%, while in cold-
resistant varieties Comet and Amurskaya 41, the modal frequencies fitted ger-
mination range from 92 to 98% . 
It was determined that all the varieties had normal distribution of the 
character since X2 < X2= 3.84 (Table 1) . All the studied parental forms re-
vealed four common classes of germination out of a total of 18 analyzed. 
Continuous variation of Gieso included 15 classes, while in Comet and Amur-
skaya 41, it included seven classes of each variety. 
Table 1. Correspondence between act ual and theoretical distributi on of the 
character in parental forms 
Average 
value 
69 .5-84 . 5 
89 . 5 
94 . 5 
99 . 5 
69 . 5- 84 . 5 
89.5 
94 . 5 
99 . 5 
14 . 5-34.5 
39 . 5 
44.5 
49 . 5 
54.5 
59 . 5 
64.5-84 . 5 
Frequency 
Actual, 0 Theoret . , E 
16 . 65 
9 . 74 
14 . 11 
9 . 50 
50 
16 . 59 
12 . 21 
15.40 
5 . 80 
50 
9 . 01 
5 . 56 
5 . 92 
7 . 32 
6 . 08 
5.68 
10 . 43 
50 
Comet 
13.94 
14 . 78 
12 . 90 
8 . 38 
50 
Amur skaya 
15 .18 
17 . 26 
12.56 
5 . 00 
50 
8 . 32 
5 . 48 
6 . 83 
7.43 
7.02 
5.78 
9 . 13 
50 
Gieso 
0-E 
2. 71 
-5.04 
1. 21 
1.12 
0 
41 
1.41 
-5.05 
2 . 84 
0.80 
0 
0.69 
0.08 
-0.91 
-0.11 
-0. 94 
0 . 10 
1.30 
0 
eCopyright by the authors . 
7 . 344 
25.402 
1.464 
1. 254 
1. 988 
25 . 503 
8.066 
0.640 
0.476 
0 . 006 
0 . 828 
0 . 012 
0.884 
0.010 
1.69 
(0-E) 2 
E 
0 . 527 
1. 719 
0 . 113 
0.150 
x2 = 2.509 
0. 131 
1.478 
0.642 
0 . 128 
x2 = 2.379 
0 . 057 
0 . 001 
0.121 
0 . 002 
0 . 126 
0 . 002 
0.185 
x2 = 0.49 
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Fisher F criterion demonstrated that variability of the character be-
tween Comet and Amurskaya 41 was nonsignificant (F = 1.32 < Fo.1 = 2 . 0). 
Significant differences in seed germination under low temperature had been 
established between Comet and Gieso, and Amurskaya 41 and Gieso. 
The seeds of Fl plants from crossing of cold-resistant varieties Comet 
and Amurskaya 41 with sensitive variety Gieso had been divided into two 
parts. The first part was used for determining germination, the second for 
obtaining F2 plants. 
Table 2 demonstrates seed germination of the different F1 plants in 
three cross combinations. Because of the low number of hybrid plants, non-
parametric Vilkonson-Mann-Witney criterion was used since it was not limited 
by the mode of distribution (Glotov et al., 1982). The analysis of the F1 
reciprocal crosses Gieso x Amurskaya 41 demonstrated that the cold resistance 
was determined exclusively by nuclear genes. Taking that into account, the 
seeds of this cross combination were bulked and used as one sample. 
Table 2. Germinat~on of the F1 plants under low temperature 
Plant N Gieso x Comet Gieso x Amurskaya 41 
Amurskaya 41 x Gieso 
1 87.5 93.0 84.4 
2 87 . 5 93.1 86.1 
3 88 . 8 93.8 87.J 
4 91.3 96.0 88.0 
5 92.3 97 . 1 89 . 2 
6 92.5 97.5 92.4 
7 9.3.3 92.5 
8 95.0 93 . 3 
9 97.5 94.2 
10 94.7 
According to distribution of the character, the F1 formed unimodal 
curves with maxima above 90%; i.e . , they were very close to cold-resistant 
parental varie t ies . 
Statistical analysis showed that the Fi crosses were significantly dif-
ferent from Gieso variety . The differences between the Fi and cold-resistant 
varieties were statistically nonsignificant (Table 3). Germination percent-
age of cr osses and parental forms demonstrated complete dominance of alleles 
that increased cold resis t ance . 
Thus, studying the Fi and their parental forms revealed that cold resis-
tance was controlled by nuclear genes with complete dominance of alleles 
that increase cold resistance. 
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Table 3 . Distribution of the charact e r in the F1 and parental forms 
Average 
Variety (cross) Number of value of the Dispersion Standard 
samples character (%) deviation 
Comet (P 1) so 90 . 80 :t 0.94 43.76 6.61 
Gieso (P3) so 49 .96 :t 1. 90 180 . 16 13 . 42 
Fl (P 3 x p 1) 9 91.63 :t 1.13 11 . 46 3 . 39 
Amurskaya 41 (P2) so 89 . 88 :t 0.81 33.21 S.76 
Fl (P 3 x p 2) 16 92.06 :t 0.97 lS . 12 3.89 
Reference 
Glotov, N. B., L . A. Zhyvotovsky, N. V. Hovanov and N~ N. Hromov-Borisov . 
1982 . Biometry. Leningrad University, USSR . 
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3) Segregation of the F2 populations and F1 families . 
To determine the number of genes determining cold resistance, the meth-
od proposed by Merezhko (1983) was used. According to the distribution of 
the F2 plants, it was concluded that the part of the progenies like a reces-
sive parent averaged 25% . From this , we concluded that parental forms in 
the crosses differ from each other by the alleles of one gene . Germinat ion 
at low temperatures and variability values of the character are presented 
in Tables l and 2. 
The actual and theoretical value of germination of hybrid populations 
appeared to be very close. Thus, the suggested hypothesis regarding differ-
ences among parental forms due to one major gene with complete dominance 
proved correct . The analysis of distribution of the F2 plants with x2 cri-
terion revealed that it differed from normal in both combinations. The norm-
al distribution of the character in parental forms was mentioned above. 
These results suggest that the mode of distribution in the F2 is dependent 
upon genetic factors . A distribution curve of the F2 combination 'Gieso ' x 
'Comet' has two maxima (Figure 1). The first section of the curve with maxi-
mum in the germination range from SO to 60% was similar to that of cold- sen-
siti ve variety Gieso; the second sect i on with range from 96 to 98% resembles 
a distribution curve of cold-resistant variety Comet. Hence , it follows that 
hybrid progenies in the Fz segregated into two phenotypic classes according 
to their sensitivities to low temperature. Some progenies resemble Gieso by 
their reaction to l ow temperature; the others resemble Comet variety. It 
should be noted that segregation of these classes fits 3.S:l . Segregation 
301 
Table 1 . Segregation of cold resistance in the F2 crosses 
Parental forms Number of Average Dispersion Standard 
and F2 crosses studied 
germination deviation 
plants (%) 
Comet (P 1) 50 90.80 ± 0.94 43.76 6 . 61 
Amurskaya 41 (P 2) 50 89.88 ± 0.81 33.21 5.76 
Gieso (P3) 50 49 . 96 ± 1. 90 180 .1 6 13.42 
F2 (P 1 x P2) 87 80 . 96 ± 2.02 355 . 87 
18.87 
F2 (P3 x P1) 336 77 . 58 ± 1.02 346.06 
18 .60 
F2 (P2 x P3) 62 83.06 ± 2 .19 296 . 42 17.22 
F2 (P3 x P2
) 262 78.65 ± 1. 20 378.60 19 . 46 
Table 2. Comparison of actual and theoretical distribution of cold resis-
t ance in the F2 
Cross x2 act. x2 theor. 
Gieso x Comet 104.32 23 .21 
Comet x Gieso 43.67 15. 09 
Gieso x Amurskaya 41 114. 97 23.21 
Amurskaya 41 x Gieso 21 .18 13 . 28 
in the hybrid population from crossing Gieso x 'Amurskaya 41' was the same 
(Figure 2) . Segregation ratio of tolerant and susceptible progenies fits 
4 . 4: 1. 
Thus, the experimental data of phenotypic segregation in crosses includ-
ing varieties differing by cold resistance indicated a dominant gene condi-
tioning cold tolerance . 
The analysis of some plants in the F2 families revealed varietal dif-
ferences in germination at 7°C (Table 3) . It is clear that some of the Fz 
families include plants with germination close to cold-resistant variety 
Comet. They also include some susceptible plants. 
Segregation by such characters as cold resistance, flower and pubescence 
color enables us to conclude that all these characters fall into different 
linkage groups. 
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Figure 1. Germinating ability of F2 cr osses and parental soybean varieties 
at 7° 
X-axis - seed germination ; 
Y-axis - f r equency 
l - Gieso ; 2 - Comet ; 3 - Gieso x Comet 
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Figure 2. Seed germination of F2 crosses and parental forms at 7°C 
X-axis - seed germination; 
Y-axis - frequency; 
1 - Gieso; 2 - Amurskaya 41; 3 - Gieso x Amurskaya 41 
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Figure 3. Germination of F
3 
families developed from cold- susceptible F2 
plants at 7° 
X-axis - seed germination ; Y-axis - frequency; A - Gieso x Comet ; 
B - Gieso x Amurskaya 41; 1- 9 - No. of F
3 
families 
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Figure 4 . Germi nation of F3 families developed from cold-resistant F2 
plants 
at 7° 
X- axis - seed germination; 
Y- axis - frequency 
10- 14 - No . of F3 families 
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Figure 5 . Germination of FJ families developed from cold-resistant F
2 
plant 
of Gieso x Amurskaya 41 cr oss at 7° 
X-axis - seed germination; 
Y··axis - frequency; 
15- 18 - No . of F3 families 
307 
Table 3 . Seed germination of individual F2 plants from cross Comet x Gieso 
No. of 70 23° 
plants No. of Germination No. of Germination 
in the seeds (%) seeds for (%) 
family germination 
1 1000 96.0 50 100 
2 50 96 30 96 . 7 
3 50 94 
4 100 92 30 100 
5 100 90 30 96.7 
6 100 89 30 96. 7 
7 100 87 50 100 
8 100 85 50 96 
9 50 74 25 96 
10 50 58 25 100 
11 80 55 30 100 
12 90 54.4 50 96 
13 100 46 50 100 
14 100 32 50 98 
It was determined that the majority of F2 plants sensitive to tempera-
ture stress were the ~ame in the F3 (Figure 3) . The maximum frequency of 
the F3 progenies from families N 4, 6, 7 fits germination range from 44 to 
52%, resembling parental Gieso variety. The maxima of the curves 1, 2, 5 
and 9 showed germination percentage 60-68%, and were situated on the right 
side from sensitive variety. In families N 3 and 8, the obvious bimodality 
of distribution was observed. Thus, it can be supposed that the modal class 
position changes of the analyzed curves are conditioned by genetic and en-
vironmental effects. We supposed the majority of the F3 families, which 
were similar to the recessive parent, carry the recessive gene conditioning 
cold tolerance in homozygous state. Availability of some segregating fami-
lies is conditioned by the effect of modification factors in the F2 and F3· 
The F3 families N 10, 11, 13, 14, 15, 17 and 18 developed from cold-re-
sistant F2 plants demonstrated bimodal distribution of the character (Figures 
4 and 5). They were heterozygous and showed oligogenic segregation . Fami-
lies 12 and 16 formed unimodal curves that resembled distribution curves of 
the dominant parents Comet and Amurskaya 41. Character of distribution is 
evidence that they carry homozygous dominant gene for cold resistance. 
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